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IN TllJi DRAWTNG 

Please amend the Figs, 3c and 3d as the attached amended copy. In Ihe amendment 
of Fig. 3c, the numeral 337 is indicated. Tn the amendment of Fig. 3d, the left most reference 
character 352 is changed as 351. All the amendments are based on the suggestion in the 
5 office action. No other portion is amended. Thereby, no new matter is added. 
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REMARKS 

Very thanks for Anamination's suggestion and thanks for finding some citations about the 
present invention, thereby, the applicant may know more information about the invention. 

Responsive to the objections and rejections made of the Examiner in office action. Wc 
5 have amended the specification, and claims. All the errors disclosed in that office action has 
been corrected according to the iixaniincr's indications disclosed in the official action. 

If there is any error in the specification, or claims, applicant requests and authorizes 
Examiner to amend the claims, specification and drawings «f the present invention so 
that they can match the requirement of IK S. Patent. Attentions of Examiner to this 
1 0 matter are greatly apprecia ted. 

Since in office action, the claims 4-15, 18, 20 to 29 are allowed in condition and T have 
amended the claims according to the suggestions in the office action, it is now believed that 
the subject Patent Application has been placed in condition for allowance, and such action is 
respectively requested. 
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Respectfully submitled. 




Dated: 12/12 /2006 



235 Chung - Ho Box 8-24 



20 Taipei Taiwan R. O. C. 
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"MARK-UP" COPY OF THE AMENDED SPECIFICATION 

FOLDING CYCLE 

5 Field of the invention 

The present invention relates u> a folding cycle which is readily and reversibly foldable 
from an Mn use' configuration to a compact ' folded * configuration. 

10 Background of the invention 

Whilst folding cycles are well known in the art, there exist a number of design challenges 
that are the continuing interest of designers in this field. In particular, it is desirable that the 
Molded' configuration of the cycle is of minimal size and of a configuration that 

15 accommodates its carrying and/or storage. That conliguration desirably also minimises the 
number of sharp or irregularly-shaped components protruding therefrom, which might 
otherwise snag on the user causing annoyance and/or minor injury. 

it is desirable from a space-saving standpoint, that when in the 1 folded' configuration, the 
wheels of the cycle arc in close relationship, preferably in registration, with each other. It is 

20 particularly desirable, that when so registered the wheels are freely rotatable to enable the 
'folded' cycle to be wheeled about by the user thereby avoiding any carrying thereof. Once 
such wheelable folded cycle is described in UK Patent Application No. 2,171, 656 Al, 
although this design necessitates the use of small cycle wheels that arc less preferred from a 
user standpoint. For example, smaller wheels can give poorer performance over rough 

25 surfaces (e.g. potholes and off-road use). Some users also find small-wheeled cycles more 
difficult to handle. 

Summary of the invention 

30 The present invention provides a frame for a folding cycle accommodating * normal* 

sized wheels that is readily and conveniently foldable from an in use' configuration to a 
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090/600'<5 T6€9# 



OW($$-UJUf) NOUVHflO * 'QISO % 00C8CZZ-SINQ « 6/£"J%IXd3~01dSn*UAS * [3UQJ. pJBpilBJS UJ9JSB3J WV ZO'SZ'f 900Z/12IZI' IV QAOil » 09/01 3SVd 



folded' configuration in which the wheels arc in close relationship. In a preferred aspect, the 
wheels are hrought into registration as a result of folding the frame thereby enabling the 
folded cycle to be wheeled about by the user, and avoiding Lhe user having to carry the folded 
cycle. The invention derives from the Applicant's appreciation that to achieve an optimal 
5 relationship between the (normal-sired) wheels in the 'folded* configuration it is necessary, on 
moving from the in use' configuration, to introduce a spacing step which increases the 
distance between the front wheel and forward foldable frame portion such that on folding an 
optimal (e.g. registration) relationship between the front and rear wheels is achievable. 

The present invention also provides coupling between the 'spacing" and Trame folding' 
1 0 actions such that both may be conducted in tandem, thereby reducing the number of user steps 
required to fold the cycle from the 'in use' to the compact and optimally, wheeiable folded' 
configuration. 

According to one aspect of the present invention there is provided a frame assembly for a 
foldable cycle comprising 
15 a rear frame portion including a mounting for a rear wheel; 

a forward frame portion, hingedly connecting to said rear frame portion such that the two 
arc foldable towards each other; and 

hingedly connecting to said forward frame portion, a pivot assembly for a mounting arm, 
said mounting arm including a mounting for a forward wheel, 
20 wherein the rear frame portion and pivot assembly are coupled such that on folding of the 

frame portions towards each other hinged movement of said pivot assembly relative to the 
forward frame portion moves said mounting arm to increase the spacing between the forward 
frame portion and the forward wheel mounting. 

On folding of the frame portions towards each other, hinged movement of the pivot 
25 assembly relative to the forward frame portion moves the mounting arm to move the forward 
wheel mounting relative to the forward frame portion. The rear frame portion and pivot 
assembly arc coupled such that said folding results in the spacing (i.e. distance) between the 
forward frame portion and forward wheel mounting increasing (i.e. extending) relative to each 
other. 

30 The present invention provides a foldable cycle and a frame assembly therefor. The cycle 

may take any form including town bike, mountain bike, leisure bike, children's bike and racing 

-10- 
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cycle. 

It will be appreciated that in fully assembled form the cycle will include wheels, a seal, 
pedals, a drive mechanism (e.g. crank -drive) and handlebars mounted to the frame. It will also 
however, be appreciated that it is common Lo supply cycles in part-assembled form including, 
5 at the simplest level, just the frame to which various sub-components are later mounted. 

The cycle herein is foldable. That is to say, it has generally two configurations 
comprising an 'in use' configuration in which it may he put to its cycling function by a user 
and a % folded configuration' in which it is folded away ready for carrying, wheeling and/or 
storage by the user. As will become apparent from the later description, the term "folded 
10 configuration' includes both a fully folded configuration, in which all relevant parte arc fully 
folded away (e.g. for storage) and a mainly folded configuration, in which the mounting arm 
and/or handlebars protrude to assist in wheeling thereof. 

The term "frame assembly 1 herein is used to mean the basic frame for the foldable cycle 
absent the mounting arm (e.g. dual fork or mono-fork shaped) for the forward wheel. The term 
15 "frame and forward wheel mounting assembly' is used to denote the combination of the 'frame 
assembly' and forward wheel "mounting arm'. Wheels, pedals, seat, handlebars and other 
sub-components are securable to these assemblies by generally known methods. 

The rear frame portion includes a mounting for a rear wheel. Suitably, it also defines a 
mounting for pedals, a crank drive and a scat. Tn spatial terms, the rear frame portion generally 
20 defines a principal plane. Suitably, in use, the rear wheel rotates within that principal plane or 
within a plane that is coplanar therewith. 

The forward frame portion hingedly connects to said rear frame portion such that (he two 
are foldable towards each other. Suitably, the forward and rear frame portions folded close up 
against each other to minimise the space requirements of the 'folded' configuration. In aspects, 
25 abutting and mating engagements relationships arc envisaged. In the 'in use' configuration, it 
will be appreciated that the forward frame portion generally lies within the principal plane 
defined by the rear wheel frame. 

A pivot assembly hingedly connects (e.g. via a hinge) to the forward frame portion. The 
pivot assembly is arranged for pivotablc (e.g. rotatablc) mounting of a mounting arm that 
30 includes a mounting for a forward wheel. 

The above-described hinge connection of the forward and rear frame portions to each 
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other and of the pivot assembly lo the forward frame portion arc generally achieved with 
structurally stiff (e.g. in torsion and bending) hinges. In aspects, this is achievable by the use 
of wide-spaced hinge bearings and interlocking features that engage at defined hinge positions 
(e.g. "in use' position). 

5 The mounting arm includes a mounting for a forward wheel. Suitably, the mounting arm 

also includes a mounting for handlebars, which may have any suitable configuration. It will be 
appreciated that in the 'in use' con figuration, the pivot axis defined by the pivot assembly lies 
within the principal plane defined by the rear frame portion. 

On folding of the cycle, hinged movement of the pivot assembly relative to the forward 

10 frame portion moves it (e.g. forwards or outwards in a relative sense) preferably such that 
when a mounting arm is pivotally mounted thereto the distance (i.e. spacing) between the 
forward frame portion and the forward wheel mounting is increased. This is an important 
aspect of the invention herein because without this movement and spacing action the front 
wheel mounting is not sullieiently spaced to allow for optimal positioning thereof in the 

1 5 ' folded' configuration. 

Preferably, the (e.g. forwards or outwards) movement places sullicienl distance (i.e. 
spacing) between the forward wheel mounting and forward frame portion such that the act of 
folding the frame portions towards each other will result in the forward and rear wheel 
mountings being brought generally into registration with each other. This represents an 

20 optimal folded" configuration since the wheel mountings (and hence wheels mounted thereto) 
lie sidc-by-sidc. An advantage of this optimal configuration is that the folded cycle may be 
readily wheeled about both wheels, each of which rotates about the same rotational axis (i.e. 
wheel axles aligned), hi essence, the two wheels side-by-sidc function as a 'single wheel' . An 
advantage of this functional aspect is that unlike many other full-sized wheel folding cycles 

25 the front wheel does not have to be removed to achieve neat folding. 

The rear frame portion and pivot assembly are coupled such that folding of the forward 
and rear frame portions towards each other results in the position of the forward frame portion 
and forward wheel mounting moving, and preferably extending (i.e. increasing spacing) 
relative to each other. The coupling may be achieved by any suitable coupling means 

30 including one or more coupling arms having either a simple or more tailored form. 

The above described coupling enables the 'frame folding' and 'spacing* actions to be 
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conducted in tandem, thereby reducing the complexity and number of steps required to move 
the cycle from the 'in use* to 'folded' configuration and vice- verso. In one aspect, as the 
folding motion is conducted the coupling acts to push the forward wheel mounting out and 
around the frame portions thereby avoiding undesirable interaction with any sub-coniponcnts 
5 of the frame, particularly the pedals and/or crank drive. 

Most preferably, the extension (spacing) will be to the optimal position described above 
in which the complete folding action results in the forward and rear wheel mountings being 
brought into registration with each other. 

The coupling may be provided by any suitable means such as one or more suitably 
10 co-mounted coupling elements of preferably rigid form such as a single or multi-bar coupling 
rod. 

hi one aspect, the coupling is arranged to have adjustable length. For example, threaded 
screw adjusters may be provided to enable line adjustment of the length of the coupling for 
maximum eilectiveness and/or steering axis angle adjustment and/or alignment of the front 
1 5 and rear axles. 

In another aspect, the coupling is provided with a tensioner arranged such that tension is 
provided to the hinge connecting the forward and rear frame portions when in the "in use* 
configuration. In part the tensioner functions to counter the "normal riding forces' 
experienced by the coupling "in use\ The tensioncd coupling thereby acts to provide force to 

20 hold the hinge fast and tightly closed. The tensioncd coupling thereby acts to provide force to 
hold the hinge fast and in place. This force must be overcome before the hinge can be opened 
thereby provides for enhanced strength of the hinged connection when "in use' by a rider. 

The tensioner for the coupling may in aspects be provided by a suitable spring or other 
resilient elemcnt(s), anywhere in the system or at the endstops to movement. In one 

25 embodiment the spring is mounted within the coupling (e.g. within a sleeve of a coupling rod). 
In one particular aspect, a coupling rod is provided with a hard sprung piston mechanism 
comprising an outer sleeve shaped respectively to receive an inner bayonet sleeve and a 
central piston together with internal spring, in use, the sprung piston mechanism enables 
travel of the inner bayonet sleeve relative to the outer sleeve wherein this travel is constrained 

30 by the action of the spring. 

In alternatives, the tensionser for the coupling is supplemented with or replaced by a 

-13- 
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spring or other resilient element located at another part of the folding mechanism. Or the 
mechanism itself is made springy or resilient. In particular, resilience or springiness could be 
incorporated at coupling mountings, hinge mountings, the front and rear frame portions, pivot 
assembly and any stops provided to travel. The overall functional objective would be to 
5 provide an over centre* action, as described in more deuril below. 

Tn another aspect, a reversible locking mechanism is provided to reversibly lock the rear 
and forward frame portions in the 'in use' (i.e. hinge closed) position. Suitably, the locking 
mechanism is arranged such that when released it can function as an extendible (i.e. variable 
length) coupling between the rear and forward frame portions. Suitably, that extendible 
10 coupling cooperates with the main coupling during the action of folding of (he rear and 
forward frame portions towards each other (e.g. acting as a guide mechanism). 

Suitably, the frame assembly is arranged such that the pivot assembly enables the 
mounting arm to rotate therein such as to accommodate folding of the frame portions. Suitably, 
the mounting arm is moved to an optimal position to enable the accommodation of the 
15 mounting arm in the Yolded' configuration. 

In one aspect herein, on folding, hinged movement of the pivot assembly relative to the 
forward frame portion moves said mounting arm such that the distance between the forward 
and rear wheel mountings extends. That is to say, the whcclbasc is lengthened as a 
consequence of the folding action. In another preferred aspect herein, the wheelbase is not 
20 lengthened as a consequence of the Iblding action because as the forward wheel mounting 
moves away from the forward frame portion, both of these are simultaneously guided 
rearward under the action of the main hinge (between forward and rear frame portions). 

The mounting arm is generally provided with handlebars (e.g. on a stem mounting). 
Suitably, on folding, the pivot assembly acts such as to enable the mounting arm with 
25 handlebars to rotate therein such as to readily accommodate the arm and handlebars on folding 
of the frame portions. Suitably, the handlebars or stem mounting therefor are moved to a 
position that enables their optimal location in the 'folded' configuration. 

In one aspect, in die folded* configuration, the handlebars or stem mounting therefor arc 
located such as to function as a handle for wheeling about the folded cycle by way of the 
30 wheels (in a sidc-by-sidc configuration). In other aspects^ other parts of the frame assembly or 
one or more further additional features provide this handle function. 

-14- 



090/HO'd T6C9# 



9$'-ZZ Z00Z»ie*HVW 



OMtflsMWifl NOIlVHnO * 'QISO 1 00C8C2Z-SINO « 6/C'dUXd3*01dSfl'ilAS % pJBpirejs W3|$&3] IW ZO'5£t 9DOZ/IZ/ZI IV QADU 1 09/51 30Vd 



In aspects, any handle is foldablc, retractable, rotatablc, or otherwise movable to an 
optimum position (e.g. ergonomic) for ease of wheeling of the folded cycle by a user. Suitably, 
this movement of the handle to an optimum position may be coupled to the overall folding 
action. 

5 One or more of the hinges or of the coupling or locking elements described above may 

use an over-centre' action such that there is a spring bias which arises either from the 
hinge/coupling geometry or by the use of spring elements. The spring bias may be to either or 
both ends of the folding action. Such spring bias may in aspects, he employed to assist the 
folding or unfolding action. In other aspects, it may be employed to bias the frame to the 

10 'folded' or 'unfolded* configurations. 

Suitably, the forward and rear wheel mountings herein take the form of single-sided 
'mono-fork' mountings, although more traditional dual-fork mountings may also be employee!. 
The advantage of using 'mono-fork' mountings is that the wheels arc enabled to locate nearer 
to each other in the 'folded' configuration, thereby further saving space, it will be appreciated 

15 that where mono- forks' mountings are employed the forward and rear wheel mountings will 
he arranged as a mating pair to enable close wheel location on folding. Where traditional 'dual 
fork' mountings arc used the front wheel may remain in parallel with the forward frame 
portion and not rotate 1 800 about the steering axis. 

Suspension systems may he provided to any wheel mountings. 

20 Suitably, the hubs of the wheels may lock lightly or more engagedly together in the 

'folded" configuration. One or more latches may be provided thereto or elsewhere on the 
frame of any suitable form including magnetic latches, mechanical latches, sprung latches, 
interference fit latches, retracting ball latches, press-stud latches and Velcro (trade name) type 
latches. 

25 The wheels of the cycle may be arranged to be removable on folding, thereby further 

reducing the size of the 'folded' configuration. 

The wheels may have any suitable size. Ti is an advantage of the present invention that 

'normal-sized' wheels (e.g. 60 to 75 cm) arc readily accommodated as opposed to the 

'mini-sized* wheels (e.g. <45 cm) of many fold up hikes. 
30 The rear wheel frame portion is generally provided with a mounting for a seal stem upon 

which a scat is accommodated. The seat stem is suitably adjustable in both up/down and 
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buck/forward senses and may be provided with various locking mechanisms. In aspects, the 
seal stem retraction or removal may be independent or it may be coupled in some way to the 
main folding action. 

In one aspect, the frame assembly is provided with an energy storage device capable of 
5 releasing power to assist the folding or unfolding action, iixamples of such devices include 
compressed air devices, electrical devices, stored spring energy devices, batteries and 
servomotors. 

In aspects, the handlebars and/or stem mounting therefore may retract or be removable. 

The retraction or removal thereof may be independent or it may be linked or coupled in some 
1 0 way to ihe cycle folding action. 

The frame assembly and any additional components of the ibldable cycle may be made 

from any suitable material including metals, woods, composites, plastic polymeric materials 

and any combinations thereof Suitably, materials are selected for their low-weight, stiffness 

and robustness properties. 
15 The frame assembly may additionally be provided with other features such as stands, 

luggage carriers, combined luggage carriers/stands, enclosures and motor powering (e.g. 

electric motor). 

According to another aspect of the present invention, there is provided a frame and 
forward wheel mounting assembly for a foldablc cycle comprising 
20 a rear frame portion including a mounting for a rear wheel; 

a forward frame portion, hingedly connecting to said rear frame portion such that the two 
are foldablc towards each other; 

hingedly connecting to said forward frame portion, a pivot assembly for a mounting arm; 

and 

25 pivotally connecting to said pivot assembly, a mounting arm including a mounting for a 

forward wheel 

wherein the rear frame portion and pivot assembly are coupled such that on folding of the 
frame portions towards each other hinged movement of said pivot assembly relative to the 
forward frame portion moves said mounting arm to increase the spacing between the forward 
30 frame portion and the forward wheel mounting. 

On folding, hinged movement of said pivot assembly relative to the forward frame 
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portion moves said mounting arm to move the forward wheel mounting relative to the forward 
frame portion. The rear frame portion and pivot assembly are coupled such that folding of the 
frame portions towards each other results in the spacing (i.e. distance) between (he forward 
frame portion and forward wheel mounting extending relative to each other. 
5 Tn essence, the frame and forward wheel mounting assembly comprises Lhe frame 

assembly described hereinbefore in combination with the mounting arm for the forward 
wheel. 

According to a further aspect of the present invention there is provided a frame assembly 
for a foldablc cycle comprising a rear frame portion including a mounting for a rear wheel; a 

1 0 forward frame portion, hingedly connecting to said rear frame portion such that the two arc 
foldable towards each other; and hingedly connecting to said forward frame portion, a pivot 
assembly lor a mounting arm, said mounting arm including a mounting for a forward wheel, 
wherein the rear frame portion and pivot assembly are coupled by a coupling thai is provided 
with a tensioner for providing tension to said hinged connection between the forward and rear 

1 5 frame portions. 

Suitably, the tensioner comprises a resilient element Suitably, said resilient element 
comprises a spring. 

Preferably, the tensioner acts to provide an over centre action. 

Preferably, the resilient clement locates within a cavity defined by the coupling. 
20 In one aspect, the coupling is provided with a hard sprung piston mechanism comprising 

an outer sleeve shaped respectively to receive an inner bayonet sleeve and a central piston 
together with internal spring, wherein the sprung piston mechanism enables travel of the inner 
bayonet sleeve relative to the outer sleeve which travel is constrained by the action of the 
spring. 

25 According to a further aspect of the present invention there is provided a frame assembly 

for a foldable cycle comprising a rear frame portion including a mounting for a rear wheel; a 
forward frame portion, hingedly connecting to said rear frame portion such that the two are 
foldable towards each other; and a lock for reversibly locking the rear and forward frame 
portions together in a hinge closed position, wherein said lock is arranged to provide an over 

30 centre locking action. 

According to a further aspect of the present invention there is provided a foldable cycle 
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comprising the frame and forward wheel mounting and additionally forward and rear wheels; 
handlebars; a drive mechanism; and a scat. Optionally, gearing may be provided to the drive 
mechanism. 

According to other aspects of the present invention there are provided methods for 
5 folding and unfolding the frame assembly and frame and forward wheel mounting assembly 
described herein from an 'in use* to 'folded* configuration. 

Embodiments of the present invention will now be described with reference to the 
accompanying drawings in which: 

10 Brief Description of the Drawings 

FIGS, la to If show perspective views of a first folding cycle herein in various stages as 
the cycle is folded up from the "in use" configuration (FIG la) to the 'folded' configuration 
(FIG 1 f); 

1 5 FIG 2 shows a perspective view of a detail of a coupled folding mechanism herein; 

FIGS. 3a to 3d show perspective views of a second coupled folding mechanism for use 
with a folding cycle herein in different stages of folding/unfolding; MG. 3a shows the in use 
configuration; FIG. 3b shows the cycle in an early stage of f olding up; FIG 3c shows the cycle 
in a later stage of un-folding; HQ 3d shows the cycle in a partially ' folded' configuration; 
20 FIGS, 4a and 4b show cross-sectional views of the coupling rod of the second coupled 

folding mechanism of F1CS. 3a to 3d in the "in use" configuration (c.f. FIG 3a) and in the 
partially 'folded" configuration (c.f. FIG 3d); 

FTGS. 5a to 5c show cross-sectional views of the locking mechanism of the second 
coupled folding mechanism of FIGS. 3a to 3d in the 'in use* configuration (c.f. FIG. 3a); in an 
25 early stage of folding up (c.f. FIG. 3b); and in a later stage of un-folding (c.f. FIG 3c); 

FIGS. 6a to 6c show side views of a second folding cycle herein in the form of a 
mountain bike in various stages as the cycle is folded up from the "in use' configuration (FIG; 
6a) to the compact 'folded* configuration (FIG 6c). 

30 Detailed Description of the Invention 
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Referring now to the drawings, in FIGS, la to If there is shown a folding cycle 110 
herein in which a coupling is provided to guide the folding action. Various stages are shown as 
the cycle is folded up from the "in use" configuration (FTCt la) U> the fully "folded' 
configuration (FIG. For ease of reference and understanding, not all parts are labelled in 
5 every drawing, but only the most important parts in relation to the action at that stage of the 
folding up process. 

As may be seen in FTG. la, Ihe folding cycle 1 10 comprises a rear frame portion 1 20 and 
a front frame portion 130 that arc hingedly joined by stiff folding hinge 135 in order that the 
two frame portions 120, 130 may be folded towards each other. The rear frame portion 120 is 

10 also provided with rear wheel mounting 122 in mono fork' form to which rear wheel 123 is 
fixed at ajiub 124. Also provided to the rear frame portion is a_seat stem mounting 126 which 
receives an adjustable seat stem 1 27 and aseat 128. Further provided to the rear frame portion 
arc pedals 1 29a (one only visible) which drive acrank which in turn is provided with a chain, 
a_bclt, a_shaft (not visible) or other means for driving a_rcar wheel 123. llie front frame 

15 portion 130 is provided with a pivot assembly 132 to which it hingedly connects via ahinge 
133 which allows for hinged motion thereof about a horizontal axis. A coupling Coupling rod 
150 is fixed to both the rear frame portion 120 and thc_ asscmbly 132 to provide a coupling 
therebetween. Mounting arm 140 pivotally connects to the pivot assembly 132. The mounting 
arm is provided with handlebars 146 on a_stcm mounting 147 and a_' mono-fork' form wheel 

20 mounting 142 for affront wheel 144 that connects thereto at a hub (not visible). The pivot 
assembly 132 enables rotational movement of the mounting arm 140 and front wheel 144, 
stem mounting 147 and handlebars 146 that are associated therewith. 

FIG lb shows a first stage of the folding action. At a_ folding hinge 135, the rear frame 
portion 1 20 and front frame portion 1 30 hingedly move towards each other (motion A). At 

25 pivot assembly 132, the mounting arm 140 is rotated clockwise (motion B) such that the 
wheels 123, 144 remain approximately parallel and the handlebars 146 are mewed out and 
away from the folding parts. At the hinge 133, the mounting arm 140 hingedly rotates upwards 
(motion C) in response to the action of a_coupling rod 150 acting on the pivot assembly 132 
such that the front wheel 144 is initially pushed generally forwards and the handlebars 1.46 

30 initially move backwards. It will thus, be appreciated that three separate coupled motions arc 
occurring as the frame portions 120, 130 folded fokl together, the net effect of which is to 
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increase the distance (spacing) between the front wheel 144 and forward frame portion 130 
and push the front wheel 144 and mounting arm J 40 out of the way of the folding action, and 
in particular away from the pedals 129a. In this example, the distance between the rear and 
front wheels 123, 144 does not increase because although the mounting arm 140 rotates 
5 upwards about the hinge 133 (motion C) it is also rotating clockwise (motion B) and 
backwards (motion A) and the net effect of these combined actions is that the wheelbase is 
marginally reduced during the initial part of the folding action. The coupling Coupling rod 
150 is fixed to both rear frame portion 120 at a first attachment point and pivot assembly 132 
at a second attachment point to provide a coupling there between. 

1 0 Tn subsequent stage, FIG. 1c the three coupled aspects of the folding action are continued 

further. The rear frame portion 120 and front frame portion 130 hingedly are moved further 
towards each other. The mounting arm 140 is further rotated clockwise such that the 
handlebars 146 are moved further out and away from the folding parts. The mounting arm 1 40 
is also further rotated upwards in response to the action of coupling rod 150 acting on the 

15 hinged pivot assembly 132 such that the front wheel 144 is pushed out and around. 

in FIG Id, both the rear frame portion 120 and front frame portion 130 and the rear and 
front wheels 123, 144 arc respectively bnmghi into mating relationships with each other. The 
handlebars 146 remain positioned well away from the folding path. 

Tn FTG le, the front 144 and rear 123 wheels are in registration with each other. The 

20 respective mono fork' mountings 122, 142 arc located exterior to the wheels 123 ? 144 and 
can then act as a barrier (or part-barrier) to user contact with the wheel hubs and transmission 
(not visible). 

in FK1 If, the fully Molded' configuration, the seat 128 is retracted (e.g. manually or 
automatically) and the stem mounting 147 to the handlebars 146 may be seen to protrude 
25 thereby providing an effective handle 147 for wheeling the folded form about the wheels 123, 
144. 

It will be appreciated that in the first (FIGS, la to If) folding cycle described above, the 
'spacing' and 'folding" actions are combined whereby the front wheel 144 when being brought 
into the folded position is generally parallel to the rear wheel 123, and is pushed out side ways 
30 to clear a_pedal 129a and crank and then automatically guided to lie alongside the rear wheel 
123. 
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In essence, in the context of the Unit folding cycie (FIGS, la to If), the coupling rod 1 50 
links the spacing* and 'folding* actions such that the initial spacing of the front wheel 
mounting arm 1 40 and forward frame portion 1 30 is 'absorbed' into the rest of the actions. In 
aspects, axis of motion B (which can also be the steering axis) allows the front wheel 144 to 
5 remain parallel to the rear wheel 123, and during the folding action allows approx 180 degrees 
of rotation (of pivot assembly 132). The handlebars 146 clear the frame during the folding 
action and importantly the front wheel 144 is guided to move alongside me rear wheel 123 
thereby clearing the left-hand pedal 129a/crank assembly. 

FIG 2 shows a detailed view of coupled folding mechanism herein, which for example, 

10 could be employed in the folding cycle of FIGS, la to If. 

A stiff S tiff folding hinge 235 hingedly joins foldablc rear 220 and front 230 frame 
portions. A pivot P iwt assembly 232 joins to the front frame portion by way of hinge 233, 
which enables the pivot assembly 232 to be hingedly moved relative to the forward frame 
portion 230 in a plane of movement defined by the hinge 233. This plane of movement 

15 generally corresponds to the (forward) plane defined by the Forward frame portion 230. The 
pivot assembly 232 is also provided with a pivot mounting 231 for mounting arm 240, which 
enables axial rotation of the mounting arm 240 about axis AB as shown. The mounting arm 
240 has ajxont wheel 244 and handlebars (not visible) attached, and this axial rotation thereby 
enables steering of the cycle. 

20 A coupling Coupling rod 250 joins to rear frame portion 220 at a_flrst attachment point 

252 and aj>ivot assembly 232 at second attachment point 251 . It may thus, be appreciated that 
any movement of the forward frame portion 230, rear frame portion 220 and pivot assembly 
232 will be coupled. 

The representation of .FIG 2 shows the coupled folding mechanism in a part-folded 
25 configuration in which the forward frame portion 230 has been moved towards the rear frame 
portion 220. As a result of this movement, the coupling rod 250 has acted to push the pivot 
assembly 232 away from the forward frame portion 230, the pivot assembly 232 moving about 
hinge 233. The front wheel 244 on mounting arm 240 is thereby pushed out and away from 
the folding action. 

30 FIGS. 3a to 3d show various perspective views, generally of the underside, of a second 

coupled folding mechanism, which for example, could be employed in the folding cycle of 
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FIGS, la to If. This second coupled folding mechanism employs an internally sprung 
coupling rod as shown in FIGS. 4a and 4b in sectional views and a locking mechanism as 
shown in FIGS. 5a lo 5c in sectional views. 

FIGS. 3a to 3d show the second coupled folding mechanism in different stages of 
5 folding/unfolding. FIG 3a shows the Mn use' configuration. FIG 3b shows the cycle in an 
early stage of folding up. FIG 3c shows the cycle in a later stage of un-folding, FIG 3d shows 
the cycle in a partially "folded" configuration. 

Referring now to FIGS. 3a to 3d, a_stiff folding hinge 335 hingedly joins foldable rear 
320 and front 330 frame portions. ApivotP We* assembly 332 (wholly visible in FIG 3d only) 

10 joins to the front frame portion by wuy of ahinge 333 (visible in FIG 3d only), which enables 
the pivot assembly 332 to be hingedly moved relative to the forward frame portion 330 in a 
plane of movement defined by the hinge 333. This plane of movement generally corresponds 
to the (forward) plane defined by the forward frame portion 330. The pivot assembly 332 is 
also provided with a pivot mounting 331 (visible in FTG 3d only) for mounting arm (not 

15 shown), which enables axial rotation of a mounting arm about axis AB as shown. When 
present, the mounting arm will have front wheel and handlebars attached, and this axial 
rotation thereby enables steering of the cycle. 

A coupling Coupling rod 350 joins to rear frame portion 320 at first attachment point 352 
and pivot assembly 332 at second attachment point 351. It may thus, be appreciated that any 

20 movement of the forward frame portion 330, rear frame portion 320 and pivot assembly 332 
will be coupled. In the ^partially folded* configuration of Ma 3d as a result of this movement, 
the coupling rod 350 has acted to push the pivot assembly 332 away from the forward frame 
portion 330, the pivot assembly 332 moving about hinge 333. It may therefore be appreciated 
that (e.g. as in FIG 2) the front wheel on a mounting arm mounted at the pivot mounting 331 

25 would thereby pushed out and away (i.e. spaced) from the folding action. 

In another aspect (visible in FIG 3d only), a block 390 of resilient material is attached 
over a projection on the pivot assembly 332. The block 390 has a small angled wedging ill' 
into a matching recess 339 in the from of the forward frame portion 330. I"he combination of 
the small angled ^ wedging action* and choice of suitable resilient material (e.g. a slightly 

30 compressible, slippery material such as nylon) gives a very tight joint, free of movement when 
the cycle is in riding mode. In variations, similar nylon covered wedges are used at the main 
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hinge 335 as part of, or instead of the circular pegs 336a, 336b and holes 337a, 337b shown. 
The action of the internally sprung coupling rod of the second coupled folding mechanism 
will now be described with reference to both FIGS. 3a to 3d and FIGS. 4a and 4b. 

In the 'in use* configuration (of FIGS. 3a and 4a) the coupling rod 350 is arranged to sit 
5 "over-centre* past the axis delined by folding hinge 335 thereby providing additional force to 
hold the main hinge 335 closed. This force is designed to increase as the cycle is loaded up 
and going over rough surfaces to make the coupling, principally defined by the main hinge 
335 very safe and stable. 

To achieve the over centring* action the coupling rod 350 is provided with a hard sprung 
10 piston mechanism comprising an outer sleeve 360 shaped respectively to receive an inner 
bayonet sleeve 362 and a_central piston 364 together with an internal spring 370. In use, the 
sprung piston mechanism enables travel of the inner bayonet sleeve 362 relative to the outer 
sleeve 360 wherein this travel is constrained by the action of the spring 370 and also, in 
extremis by stop ring 366 provided to the inner bayonet sleeve 362. Overall, the length of die 
15 coupling rod 350 may therefore be varied in a restricted way. The spring 370 is selected to be 
a high rate, high pretension force and low travel spring. As may be seen in FIG 4a, the spring 
370 comprises an array of multiple disc springs, some discs in series and some in parallel. 

Tn the 'in use* configuration of FIG. 4a the coupling rod 350 is slightly extended (i.e. the 
inner bayonet sleeve 362 is slightly withdrawn from the outer sleeve 360) and the spring 370 
20 is compressed. This compression force at the spring 370 acts to maintain closing force on the 
hinge 335. 

In early stage of folding up shown in FIG 4b the coupling rod 350 is not extended (i.e. 
the inner bayonet sleeve 362 sits further within the outer sleeve 360) and the spring 370 has 
only any pre-tensioning* compression force acting on it. 
25 In variations herein, the spring 370 is mounted on a headed screw (or similar) with plane 

shaft to enable adjustment of any pre-tension at the spring and/or the maximum permissible 
spring compression. 

In another detail, the minimum length of the coupling rod 350 is arranged to be variable 
and set by adjustment of the position of the stop ring 366, which is for example threaded. Tn 
30 variations, two threaded slop rings 366 may be provided so that they can be locked together. 
Adjusting the minimum coupling rod 350 length can also be arranged to adjust the relative 
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alignment of the front and rear axles, when the cycle is folded. 

The action of the locking mechanism of the second coupled folding mechanism will now 
be described with reference to both FIGS. 3a to 3d and FIGS. 5a to 5c. 

Tt will be appreciated that the principal function of the locking mechanism is to keep the 
5 main hinge 335 firmly closed when the cycle is in the 'in use" configuration (FIG 3a; FIG 5a). 
Tn this configuration, the locking mechanism assembly in tension and in an over centre 
position, which keeps it closed and slightly recessed into the frame. 

In more detail, the locking mcclianism comprises lever 380 pivotally mounted to rear 
frame portion 320 at first pivot point 381 and also pivotally connecting to a^sleeved rod 382 at 
10 a_second pivot point 383. The sleeved rod 383 receives a. piston 385 having ^retaining head 
386 at the received end and a_pivoting mounting 387 at the other end for pivotal mounting 
thereof to the forward frame portion 330. Tn one variation, the piston 385 may comprise a 
headed screw with plane shall for adjustability. 

Tt will he appreciated that in general terms, the locking mechanism is actuable by 
15 movement of the lever 380 from the locked position (1TG 5a) in which it sits essentially 
co-axial with the sleeved rod 382 to an unlocked position (e.g. FTG. 5c) where the lever 380 
sits at an angle relative to the sleeved rod 382. Tn one variation, the lock/unlock motion can be 
spring loaded by an extension spring which acts such as to 'snap* the lever 380 out from the 
locked to an operating position, and which makes operating it to overcome the "over centre' 
20 action of the coupling 350 more easy. 

In more detail, in the locked position of FTG 5a the lever 380, the sleeved rod 382 and 
piston 385 rest co-axial relative to each other. The piston 385 is withdrawn from the sleeved 
rod 382 such that its head 386 abuts a retaining lip 388 thereof. 

In an early stage of folding up as shown in FTGS. 3b and 5b, the lever 380 defines an 
25 angle of about 30.degree. relative to the sleeved rod 382 and piston 385. The piston 385 is 
generally received within the sleeved rod 382 such that its head 386 is well away from the 
retaining lip 388. In more detail, MGS. 3b and 5b show the instant that the main hinge 335 is 
pushed open past the over centre" position. To achieve this aforce is applied to push lever 
380 towards frame 320 (i.e. as shown hy the thick arrows) and the main hinge 335. This force 
30 is transmitted via the sleeved rod 382 (in compression) and pivoting mounting 387 to the front 
frame portion 330. 

-24- 



090m<T<3 T6C9# 



90=00 eooe.io'aav 



OMtfteS'WU]) NOIiVUdO * «QISD * 00G8CZ£SINO * 6/OJHXJ3*OidSfl'ilAS % feWLL PJBPUBJS W9|$B3] W /0'5W 9MZ/IZ/ZI> W GADS 1 09/52 39Vd 



In a later stage of un-folding as shown in FIGS. 3c and 5c, the lever 380 defines an angle 
i>C about 1 lO.degree. relative to the sleeved rod 382 and piston 385. The piston 385 is again 
withdrawn from the sleeved rod 382 such that its head 386 abuts a retaining lip 388 thereof. 
This withdrawal of die piston 385 occurs because as the hinge 335 opens up the forward frame 
5 portion 330 and pivot mounting 337 located thereon pulls away from the rear frame portion 
320 and lever 380 mounted thereto. In more detail, FIGS. 3c and 5c show the position of the 
various parts just before the main hinge 335 is forced 'over centre' into the hinge 335 closed 
mode (i.e. 'in-usc' configuration). Force is applied to the lever 380 in the direction as shown 
by the thick arrows. The force is transmitted via the sleeved rod 382 and piston 385 (both in 
10 tension) and the p ivoting mounting 387 to the front frame portion 330, thereby acting to clOsc 
the hinge 335 by forcing it 'over ccntrc\ 

Overall, in an unlocking action, the lever 380 is rotated in a clockwise sense, The applied 
force is amplified by the leverage (about 8:1) of the lever 380 on the other parts 382, 385 and 
387. This forces the main hinge 335 open, which pushes the coupling rod 350 to past the 
15 hinge 335 axis and over cenirc\ The "over centre' action, once the coupling rod 350 axis 
passes the hinge 335 axis, tends to open the hinge 335 further. This happens as the compressed 
spring 370 array in the coupling rod 350 expands and so further opening of the main hinge 
335 is assisted. The action is much like that of a light switch or other over centre devices. 

Tn a locking action, the forward 330 and rear 320 frame portions arc firstly fast brought 
20 into mating alignment (i.e. as shown in FIG 3a). The lever 380 is then rotated in an 
anti-clockwise sense. The applied force is amplified by the leverage (about 8:1) of the lever to 
bring lever 380, sleeved rod 382 and piston 385 into co-axial alignment relative to each other 
and to withdraw the piston 385 from the sleeved rod 382 sueh that its head 386 abuts a 
retaining lip 388 thereof The applied force also acts such as to push the coupling rod 350 into 
25 its 'in use' position in which the internal spring is compressed (sec description of FTG. 4a). 

The second coupled folding mechanism employs an internally sprung coupling rod. It 
will be appreciated that in alternatives thereto, other elements of the coupling rod, other parts 
of the mechanism or endstops, may be sprung or otherwise lensioned to provide the desired 
"over centring* action. In variations, spring elements may be used to place lever 380 into a 
30 useful position to be gripped by the user. 

In FIGS. 6a to 6c there is shown a folding cycle 410 herein in the form of a mountain 
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hike. Various stages are shown as the cycle is folded up from the "in use" configuration (FIG 
6a) to the % wheelable' configuration (FIG, 6b) to the fully compact folded' configuration (FIG. 
6c). For case of reference and understanding, not all parts are labelled in every drawing, but 
only the most important parts in relation to the action at that stage of the folding up process. 
5 As may be seen in FIG 6a, the folding cycle 410 comprises a rear frame portion 420 and 

a front frame portion 430 that arc hingcdly joined by a_stilT folding hinge 435 in order that the 
two frame portions 420, 430 may be folded towards each other. The rear frame portion 420 is 
also provided with a_rear wheel mounting 422 in conventional dual fork form to which a^rear 
spoked wheel 423 is fixed at ahub 424. Also provided to the rear frame portion 420 is a_seat 

10 stem mounting 426 that receives an adjustable seat stem 427 and a_scat 428. Further provided 
to the rear frame portion arc pedals 429a (only one visible) that drive acrank 425, which in 
turn is provided with a transmission for driving rear wheel 423, The front frame portion 430 is 
provided with pivot assembly 432 to which it hingedly connects via hinge 433 that allows for 
hinged motion thereof about a horizontal axis. Coupling rod 450 is fixed to both rear frame 

15 portion 420 and pivot assembly 432 to provide a coupling therebetween. An mounting 
Mounting arm 440 pivotally connects to a_pivot assembly 432. The mounting arm is provided 
with a_handlebars 446 on ajstem mounting 447 and ^conventional dual-fork form wheel 
mounting 442 for ajront wheel 444 that connects thereto at a hub 443. The pivot assembly 
432 enables rotational movement of the mounting arm 440 and a_front wheel 444, a stem 

20 mounting 447 and ahandlebars 446 that are associated therewith. 

hi FIG. 6b, the 'folded' but wheelable configuration, the seat 428 is retracted (e.g. 
manually or automatically) and the stem mounting 447 to the handlebars 446 may be seen to 
protrude thereby providing an effective handle for wheeling the (bided form about the wheels 
423, 444. 

25 In FIG. 6c, the compact Molded" configuration, the stem mounting 447 to the handlebars 

446 may be seen to fold into the assembly about an oblique hinge 448 such that the handlebars 
446 nest in compact fashion. Such hinged handlebar 446 assemblies are known in the ait of 
folding cycles. In other embodiments, foldable handlebars (e.g. where only parts of the 
handlebars fold) arc employed to achieve minimum compacted volume without moving the 

30 handlebar mounting stem 447. 
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Abstract 

There is provided a frame assembly for a foldablc cycle . The assembly has oomprimniz 
a rear frame portion including a mounting for a rear wheel; a forward frame portion, hingedly 
connecting lo the rear frame portion such that the two are foldablc towards each other; and 
5 hingedly connecting lo the forward frame portion, a pivot assembly for a mounting arm 

including a mounting for a forward wheel. On folding of the cycle, hinged movement of the 
pivot assembly relative to the forward frame portion moves the mounting arm to move the 
forward wheel mounting relative to the forward frame portion. The rear frame portion and 
pivot assembly arc coupled such that folding of the frame portions towards each other results 
1 0 in the distance between the forward frame portion and forward wheel mounting extending 
relative to each other. 
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IN THE DRAWING 

Please amend the Figs* 3c and 3d as the attached amended copy. In the amendment 
of Fig. 3c, the numeral 337 is indicated. In the amendment of Fig. 3d, the left most reference 
character 352 is changed as 351. AH the amendments arc based on the suggestion in the 
office action. No other portion is amended. Thereby, no new matter is added. 
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REMARKS 

Very thanks for lixamination's suggestion and thanks for finding some citations about the 
present invention* thereby, the applicant may know more information about the invention. 

Responsive to the objections and rejections made of the Examiner in office action. We 
5 have amended the specification, and claims. All the errors disclosed in that office action has 
been corrected according to the Examinees indications disclosed in the official action. 

Iflhere is any error in the specification, or claims, applicant requests and authorizes 
Examiner to amend the claims, specification and drawings of the present invention so 
that they can match the requirement of U. S. Patent. Attentions of Examiner to this 
1 0 matter are greatly appreciated. 

Since in office action, the claims 4-15, 18, 20 to 29 are allowed in condition and T have 
amended the claims according to the suggestions in the office action, U is now believed that 
the subject Patent Application has been placed in condition for allowance, and such action is 
respectively requested. 
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Respectfully submitted. 




Dated: 12/12/2006 



235 Chung - Ho Box 8-24 



20 Taipei Taiwan R. O. C. 
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"MARK-UP" COPY OF THE AMENDED SPECIFICATION 

FOLDING CYCLE 

5 Field of the invention 

The present invention relates to a folding cycle which is readily and reversibly foldable 
from an "in use" configuration to a compact ^folded* configuration. 

10 Background of the invention 

Whilst folding cycles are well known in the art, there exist a number of design challenges 
that are the continuing interest of designers in this field. In particular, it is desirable that the 
Molded" configuration of the cycle is of minimal size and of a configuration that 

15 accommodates its carrying and/or storage. That configuration desirably also minimises the 
number of sharp or irregularly-shaped components protruding therefrom, which might 
otherwise snag on the user causing annoyance and/or minor injury. 

It is desirable from a space-saving standpoint, that when in Lhe "folded* configuration, the 
wheels of the cycle are in close relationship, preferably in registration, with each other It is 

20 particularly desirable, that when so registered the wheels are freely rotatable to enable the 
Molded' cycle to be wheeled about by the user thereby avoiding any carrying thereof. Once 
such wheelable folded cycle is described in UK Patent Application No. 2,171, 656 Al, 
although this design necessitates the use of small cycle wheels that are less preferred from a 
user standpoint. For example, smaller wheels can give poorer performance over rough 

25 surfaces (e.g. potholes and oft-road use). Some users also find, small-wheeled cycles more 
difficult to handle. 

Summary of the invention 

30 The present invention provides a frame for a folding cycle accommodating 'normaT 

si'/jed wheels that is readily and conveniently foldable from an 'in use N configuration to a 
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'folded" configuration in which Ihe wheels are in close relationship. In a preferred aspect, the 
wheels are brought into registration as a result of folding the frame thereby enabling the 
folded cycle to be wheeled about by the user, and avoiding the user having to carry the folded 
cycle. ITie invention derives from the Applicant's appreciation that to achieve an optimaJ 
5 relationship between the (normal-sized) wheels in the folded' configuration it is necessary, on 
moving from the 'in use' configuration, to introduce a spacing step which increases the 
distance between the front wheel and forward foldable frame portion such that on folding an 
optimal (e.g. registration) relationship between the front and rear wheels is achievable. 

ihe present invention also provides coupling between the spacing' and 'frame folding* 
1 0 actions such that both may be conducted in tandem, thereby reducing the number of user steps 
required to fold the cycle from the "in use' to the compact and optimally, wheciable "folded" 
configuration. 

According to one aspect of the present invention there is provided a frame assembly for a 
foldable cycle comprising 
1 5 a rear frame portion including a mounting for a rear wheel; 

a forward frame portion, hingedly connecting to said rear frame portion such that the two 
arc foldable towards each other; and 

hingedly connecting to said forward frame portion, a pivot assembly for a mounting ami, 
said mounting arm including a mounting for a forward wheel, 
20 wherein the rear frame portion and pivot assembly are coupled such that on folding of the 

frame portions towards each other hinged movement of said pivot assembly relative to the 
forward frame portion moves said mounting arm to increase the spacing between the forward 
frame portion and the forward wheel mounting. 

On folding of the frame portions towards each other, hinged movement of the pivot 
25 assembly relative to the forward frame portion moves the mounting arm to move the forward 
wheel mounting relative to the forward frame portion. The rear frame portion and pivot 
assembly arc coupled such that said folding results in the spacing (i.e. distance) between the 
forward frame portion and forward wheel mounting increasing (i.e. extending) relative to each 
other. 

30 ihe present invention provides a foldable cycle and a frame assembly therefor. The cycle 

may take any form including town bike, mountain bike, leisure bike, children's bike and racing 
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cycle. 

Tl will he appreciated that in fully assembled form the cycle will include wheels, a seat, 
pedals, a drive mechanism (e.g. crank-drive) and handlebars mounted to the frame. It will also 
however, be appreciated that it is common to supply cycles in part-assembled form including, 
5 at the simplest level, just the frame to which various sub-components are later mounted. 

The cycle herein is foldable. That is to say, it has generally two configurations 
comprising an in use* configuration in which it may be put to its cycling function by a user 
and a folded configuration" in which it is folded away ready for carrying, wheeling and/or 
storage by the user. As will become apparent from the later description, the term 'folded 
10 configuration" -includes both a fully folded configuration, in which all relevant parts are fully 
folded away (e.g. for storage) and a mainly folded configuration, in which the mounting arm 
and/or handlebars protrude to assist in wheeling thereof. 

The term "frame assembly" herein is used to mean the basic frame for the foldablc cycle 
absent the mounting arm (e.g. dual fork or mono-fork shaped) for the forward wheel. The terra 
15 "frame and forward wheel mounting assembly" is used to denote the combination of the 'frame 
assembly" and forward wheel "mounting arm". Wheels, pedals, scat, handlebars and other 
sub-components are securable to these assemblies by generally known methods. 

The rear frame portion includes a mounting for a rear wheel. Suitably, it also defines a 
mounting for pedals, a crank drive and a seat. In spatial terms, the rear frame portion generally 
20 defines a principal plane. Suitably, in use, the rear wheel rotates within that principal plane or 
within a plane that is coplanar therewith. 

The forward frame portion hingedly connects to said rear frame portion such that the two 
are foldable towards each other. Suitably, the forward and rear frame portions folded close up 
against each other to minimise the space requirements of the "folded" configuration. In aspccls, 
25 abutting and mating engagements relationships are envisaged. In the "in use" configuration, it 
will be appreciated that the forward frame portion generally lies witliin the principal plane 
defined by the rear wheel frame. 

A pivot assembly hingedly connects (e.g. via a hinge) to the forward frame portion. The 
pivot assembly is arranged for pivotable (e.g. rotatable) mounting of a mounting arm that 
30 includes a mounting for a forward wheel. 

The above-described hinge connection of the forward and rear frame portions to each 
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other and of the pivoL assembly to the forward frame poition arc generally achieved with 
structurally still' (e.g. in torsion and bending) hinges. In aspects, this is achievable by the use 
of wide-spaced hinge bearings and interlocking features that engage at defined hinge positions 
(e.g. "in use" position). 

5 ITic mounting arm includes a mounting for a forward wheel. Suitably, the mounting arm 

also includes a mounting for handlebars, which may have any suitable configuration, it will be 
appreciated Lhat in the 'in use* configuration, the pivot axis defined by the pivot assembly lies 
within the principal plane defined by the rear frame portion. 

On folding of the cycle, hinged movement of the pivot assembly relative to the forwurd 

10 frame portion moves it (e.g. forwards or outwards in a relative sense) preferably such that 
when a mounting arm is pivotally mounted thereto the distance (i.e. spacing) between the 
forward frame portion and the forward wheel mounting is increased. This is an important 
aspect of the invention herein because without this movement and spacing action the front 
wheel mounting is not sufficiently spaced to allow for optimal positioning thereof in the 

1 5 % folded" configuration. 

Preferably, the (e.g. forwards or outwards) movement places sufficient distance (i.e. 
spacing) between the forward wheel mounting and forward frame portion such that the act of 
folding the frame portions towards each other will result in the forward and rear wheel 
mountings being brought generally into registration with each other. This represents an 

20 optimal 'folded' configuration since the wheel mountings (and hence wheels mounted thereto) 
lie side-by-sidc. An advanlage of this optimal configuration is that the folded cycle may be 
readily wheeled about both wheels, each of which rotates about the same rotational axis (i.e. 
wheel axles aligned), hi essence, the two wheels side-by-side function as a 'single wheel". An 
advantage of this functional aspect is that unlike many other full-si7.ed wheel folding cycles 

25 the front wheel does not have to be removed to achieve neat folding. 

'Ilie rear frame portion and pivot assembly are coupled such lhat folding of the forward 
and rear frame portions towards each other results in the position of the forward frame portion 
and forward wheel mounting moving, and preferably extending (Le. increasing spacing) 
relative to each other. The coupling may be achieved by any suitable coupling means 

30 including one or more coupling arms having cither a simple or more tailored form. 

The above described coupling enables the 'frame folding* and "spacing* actions to be 
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conducted in tandem, thereby reducing the complexity and number of steps required to move 
the cycle from the 'in use* to * folded' configuration and vice- versa. In one aspect, as the 
folding motion is conducted the coupling acts to push the forward wheel mounting out and 
around the frame portions thereby avoiding undesirable interaction with any sub-components 
5 of the frame, particularly the pedals and/or crank drive. 

Most preferably, the extension (spacing) will be to the optimal position described above 
in which the complete folding action results in the forward and rear wheel mountings being 
brought into registration with each other. 

The coupling may be provided by any suitable means such as one or more suitably 
10 co-mounlcd coupling elements of preferably rigid form such as a single or multi-bar coupling 
rod. 

In one aspect, the coupling is arranged to have adjustable length. For example, threaded 
screw adjusters may be provided to enable fine adjustment of the length of the coupling for 
maximum effectiveness and/or steering axis angle adjustment and/or alignment of the front 
15 arid rear axles. 

In another aspect, the coupling is provided with a tensioncr arranged such that tension is 
provided to the hinge connecting the forward and rear frame portions when in the "in use" 
configuration. In part, the lensioner functions to counter the "normal riding forces" 
experienced by the coupling "in use". The tensioned coupling thereby acts to provide force to 

20 hold the hinge fast and tightly closed. The tensioned coupling thereby acts to provide force to 
hold the hinge fast and in place. This force must be overcome before the hinge can be opened 
thereby provides for enhanced strength of the hinged connection when in use' by a rider. 

The tensioner for the coupling may in aspects be provided by a suitable spring or other 
resilient element(s), anywhere in the system or at the endstops to movement, In one 

25 embodiment the spring is mounted within the coupling (e.g. within a sleeve of a coupling rod). 
In one particular aspect, a coupling rod is provided with a hard sprung piston mechanism 
comprising an outer sleeve shaped respectively to receive an inner bayonet sleeve and a 
central piston together with internal spring. In use, the sprung piston mechanism enables 
travel of the inner bayonet sleeve relative to the outer sleeve wherein this travel is constrained 

30 by the action of the spring. 

In alternatives, the tensionser for the coupling is supplemented with or replaced by a 
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spring or other resilient element located at another part of the folding mechanism. Or the 
mechanism itself is made springy or resilient. Tn particular, resilience or springiness could be 
incorporated at coupling mountings, hinge mountings, the front and rear frame portions, pivot 
assembly and any slops provided to travel. The overall functional objective would be to 
5 provide an "over centre" action, as described in more detail below. 

In another aspect, a reversible locking mechanism is provided to revcrsibly lock the rear 
and forward frame portions in the "in use* (i.e. hinge closed) position. Suitably, the locking 
mechanism is arranged such that when released it can function as an extendible (i.e. variable 
length) coupling between the rear and forward frame portions. Suitably, that extendible 

10 coupling co-operates with the main coupling during the action of folding of the rear and 
forward frame portions towards each other (e.g. acting as a guide mechanism). 

Suitably, the frame assembly is arranged such that the pivot assembly enables the 
mounting arm to rotate therein such as to accommodate folding of the frame portions. Suitably, 
the mounting arm is moved to an optimal position to enable the accommodation of the 

15 mounting arm in the 'folded* configuration. 

Tn one aspect herein, on folding, hinged movement of the pivot assembly relative to the 
forward frame portion moves said mounting arm such that the distance between the forward 
and rear wheel mountings extends. That is to say, the wheelbase is lengthened as a 
consequence of the folding action. In another preferred aspect herein, the wheelbase is not 

20 lengthened as a consequence of the folding action because as the forward wheel mounting 
moves away from the forward frame portion, bodi of these are simultaneously guided 
rearward under the action of the main hinge (between forward and rear frame portions). 

The mounting arm is generally provided with handlebars (e.g. on a siern mourning). 
Suitably, on folding, the pivot assembly acts such as to enable the mounting arm with 

25 handlebars to rotate therein such as to readily accommodate the arm and handlebars on folding 
of the frame portions. Suitably, the handlebars or stem mounting therefor are moved to a 
position that enables their optimal location in the "folded' configuration. 

In one aspect, in the "folded" configuration, the handlebars or stem mounting therefor are 
located such as to function as a handle for wheeling about the folded cycle by way of the 

30 wheels (in a sidc-by-sidc configuration). In other aspects, other parts of the frame assembly or 
one or more further additional features provide this handle function. 
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In aspects, any handle is foldablc, retractable, rotalable, or otherwise movable to an 
oplimum position (e.g. ergonomic) for case of wheeling of the folded cycle by a user. Suitably, 
this movement of the handle to an optimum position may be coupled to the overall folding 
action. 

5 One or more of the hinges or of the coupling or locking elements described above may 

use an over-centre' action such that there is a spring bias which arises cither from the 
hinge/coupling geometry or by the use of spring elements, t he spring bias may be to either or 
both ends of the folding action. Such spring bias may in aspects, be employed to assist the 
folding or unfolding action. In other aspects, it may be employed to bias the frame to the 

10 'folded' or 'unfolded* configurations. 

Suitably, the forward and rear wheel mountings herein take the form of single-sided 
mono-fork' mountings, although more traditional dual-fork mountings may also be employed. 
The advantage of using 'mono-fork" mountings is that the wheels arc enabled to locate nearer 
to each other in the 'folded' configuration, thereby further saving space. It will be appreciated 

15 that where 'mono-forks' mountings are employed the forward and rear wheel mountings will 
be arranged as a mating pair to enable close wheel location on folding. Where traditional dual 
fork' mountings are used the front wheel may Temain in parallel with the forward frame 
portion and not rotate 1 800 about the steering axis. 

Suspension systems may be provided to any wheel mountings. 

20 Suitably, the hubs of the wheels may lock lightly or more engagedly together in the 

'folded' configuration. One or more latches may be provided thereto or elsewhere on the 
frame of any suitable form including magnetic latches, mechanical latches, sprung latches, 
interference fit latches, retracting ball latches, press-stud latches and Velcro (trade name) typo 
latches. 

25 The wheels of the cycle may be arranged to be removable on folding, thereby further 

reducing the size of the folded' configuration. 

The wheels may have any suitable size. Tt is an advantage of the present invention that 

'normal-sized' wheels (e.g. 60 to 75 cm) are readily accommodated as opposed to the 

\mi ni-sized' wheels (e.g. <45 cm) of many fold up bikes. 
30 The rear wheel frame portion is generally provided with a mounting for a seat stem upon 

which a seat is accommodated. The scat stem is suitably adjustable in both up/down and 
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back/forward senses and may be provided with various locking mechanisms. In aspects, the 
seat stem retraction or removal may be independent or it may be coupled in some way to the 
main folding action. 

In one aspect, the frame assembly is provided with an energy storage device capable of 
5 releasing power to assist the folding or unfolding action, lixamples of such devices include 
compressed air devices, electrical devices, stored spring energy devices, batteries and 
servomotors. 

In aspects, the handlebars and/or stem mounting therefore may retract or be removable. 
The retraction or removal thereof may be independent or it may be linked or coupled in some 
\ 0 way to the cycle folding action. 

The frame assembly and any additional components of the foldable cycle may be made 
from any suitable material including metals, woods, composites, plastic polymeric materials 
and any combinations thereof Suitably, materials are selected for their low-weight, stiffness 
and robustness properties. 
15 The frame assembly may additionally be provided with other features such as stands, 

luggage carriers, combined luggage carriers/stands, enclosures and motor powering (e.g. 
electric motor). 

According to another aspect of the present invention, there is provided a frame and 
forward wheel mounting assembly for a foldable cycle comprising 
20 a rear frame portion including a mounting for a rear wheel; 

a forward frame portion, hingedly connecting to said rear frame portion such that the two 
are foldable towards each other; 

hingedly connecting to said forward frame portion, a pivot assembly for a mounting arm; 

and 

25 pivotally connecting to said pivot assembly, a mounting arm including a mounting for a 

forward wheel 

wherein the rear frame portion and pivot assembly are coupled such that on folding of the 
frame portions towards each other hinged movement of said pivot assembly relative to the 
forward frame portion moves said mounting arm to increase the spacing between the forward 
30 frame portion and the forward wheel mounting. 

On folding, hinged movement of said pivot assembly relative to the forward frame 
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portion moves said mounting arm to move the forward wheel mounting relative to the forward 
frame portion. The rear frame portion and pivot assembly are coupled such that folding of the 
frame portions towards each other results in the spacing (i.e. distance) between the forward 
frame portion and forward wheel mounting extending relative to each other, 
5 In essence, the frame and forward wheel mounting assembly comprises the frame 

assembly described hereinbefore in combination with the mounting arm for the forward 
wheel. 

According to a further aspect of the present invention there is provided a frame assembly 
for a foldable cycle comprising a rear frame portion including a mounting for a rear wheel; a 

10 forward frame portion, hingedly connecting to said rear frame portion such that the two are 
foldable towards each other; and hingedly connecting to said forward frame portion, a pivot 
assembly for a mounting arm, said mounting arm including a mounting lor a forward wheel, 
wherein the rear frame portion and pivot assembly are coupled by a coupling that is provided 
with a tensioner for providing tension to said hinged connection between the forward and rear 

15 frame portions. 

Suitably, the tensioner comprises a resilient clement. Suitably, said resilient clement 
comprises a spring. 

Preferably, the tensioner acts to provide an over centre action. 

Preferably, the resilient element locates within a cavity defined by the coupling. 
20 In one aspect, the coupling is provided with a hard sprung piston mechanism comprising 

an outer sleeve shaped respectively to receive an inner bayonet sleeve and a central piston 
together with internal spring, wherein the sprung piston mechanism enables travel of the inner 
bayonet sleeve relative to the outer sleeve which travel is constrained by the action of the 
spring. 

25 According to a further aspect of the present invention there is provided a frame assembly 

for a foldable cycle comprising a rear frame portion including a mounting for a rear wheel; a 
forward frame portion, hingedly connecting to said rear frame portion such that the two arc 
foldable towards each other, and a lock for revcrsibly locking the rear and forward frame 
portions together in a hinge closed position, wherein said lock is arranged to provide an over 

30 centre locking action. 

According to a further aspect of the present invention there is provided a foldable cycle 
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comprising the frame and forward wheel mounting and additionally forward and rear wheels; 
handlebars; a drive mcclianism; and a scat. Optionally, gearing may be provided to the drive 
mechanism. 

According to other aspects of the present invention there are provided methods for 
5 (biding and unfolding the frame assembly and frame and forward wheel mounting assembly 
described herein from an "in use" to Molded' configuration. 

Embodiments of the present invention will now be described with reference to the 
accompanying drawings in which: 

10 Brief Description of the Drawings 

FTGS. 1 a to If show perspective views of a first folding cycle herein in various stages as 
the cycle is folded up from the 'in use" configuration (FTGL la) to the "folded* configuration 
(FTCx If); 

1 5 FTGL 2 shows a perspective view of a detail of a coupled folding mechanism herein; 

FTGS, 3a to 3d show perspective views of a second coupled folding mechanism tor use 
with a folding cycle herein in different stages of folding/unfolding; FIG 3a shows the 'in use' 
configuration; FIG 3b shows the cycle in an early stage of folding up; FIG 3c shows the cycle 
in a later stage of un-folding; FIG 3d shows the cycle in a partially 'folded' configuration; 
20 FIGS. 4a and 4b show cross-sectional views of the coupling rod of the second coupled 

folding mechanism of FIGS. 3a to 3d in the 'in use configuration (c.f. FIG 3a) and in the 
partially folded' configuration (c.f. FIG 3d); 

FTGS. 5a to 5c show cross-sectional views of the locking mechanism of the second 
coupled folding mechanism of FTGS. 3a to 3d in the Mn use' configuration (c.f. FTG. 3a); in an 
25 early stage of folding up (c.f. FIG 3b); and in a later stage of un-folding (c.f. FIG 3c); 

FIGS. 6a to 6c show side views of a second folding cycle herein in the form of a 
mountain bike in various stages as the cycle is folded up from the "in use* configuration (FIG 
6a) to the compact "folded" configuration (FIG 6c). 

30 Detailed Description of the Invention 
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Referring now to the drawings,, in FTGS. la to If there is shown a (hiding cycle 1 10 
herein in which a coupling is provided lo guide the folding action. Various stages arc shown as 
the cycle is folded up from the 'in use' configuration (FIG la) to the fully 'folded' 
configuration (MG If). For ease of reference and understanding, not all parts are labelled in 
5 every drawing, but only the most important parts in relation to the uction at that stage or the 
folding up process. 

As may be seen in FIG la, the folding cycle 110 comprises a rear frame portion 1 20 and 
a front frame portion 130 that are hinged ly joined by stiff folding hinge 135 in order that the 
two frame portions 120, 130 may he (bided towards each other. The rear frame portion 120 is 

10 also provided with rear wheel mounting 122 in "mono fork' form to which rear wheel 123 is 
fixed at aJnib 124. Also provided to the rear frame portion is a_seat stem mounting 126 which 
receives an adjustable seat stem 127 and a_seat 128. Further provided to the rear frame portion 
are pedals 129a (one only visible) which drive acrank which in turn is provided with a chain, 
albeit, a_shaft (not visible) or other means for driving u_rear wheel 123, The front frame 

1 5 portion 1 30 is provided with ajiivot assembly 1 32 to which it hingedly connects via ahinge 
133 which allows for hinged motion thereof about a horizontal axis. A coupling Coupling rod 
150 is iixed to both the r ear frame portion 120 and the assembly 132 to provide a coupling 
therebetween. Mounting arm 140 pivolally connects to thc^pivot assembly 132. The mounting 
arm is provided with handlebars 146 on astern mounting 147 and *l" mono-fork* form wheel 

20 mounting 142 for ajxont wheel 144 that coimccts thereto at a hub (not visible). The pivot 
assembly 132 enables rotational movement of the mounting arm 140 and front wheel 144, 
stem mounting 147 and handlebars 146 that are associated therewith. 

FIG. lb shows a first stage of the folding action. At a_ folding hinge 135, the rear frame 
portion 120 and front frame portion 130 hingedly move towards each other (motion A). At 

25 pivot assembly 132, the mounting arm 140 is rotated clockwise (motion B) such that the 
wheels 123, 144 remain approximately parallel and the handlebars 146 are moved out and 
away from the folding parts. At the hinge 1 33, the mounting arm 140 hingedly rotates upwards 
(motion C) in response to the action of ^coupling rod 150 acting on the pivot assembly 132 
such that the front wheel 144 is initially pushed generally forwards and the handlebars 146 

30 initially move backwards. It will thus, be appreciated that three separate coupled motions are 
occurring as the frame portions 120, 130 folded fekt together, the net effect of which is to 
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increase the distance (spacing) between the front wheel 144 and forward frame portion 130 
and push the front wheel 144 and mounting arm 140 out of the way of the folding action, and 
in particular away from the pedals 129a. Tn this example, the distance between the rear and 
front wheels 123, 144 does not increase because although the mounting arm 140 rotates 
5 upwards about the hinge 133 (motion C) it is also rotating clockwise (motion 13) and 
backwards (motion A) and the net effect of these combined actions is that the whcclbasc is 
marginally reduced during the initial part of the folding action. The coupling Coupling rod 
150 is fixed to both rear frame portion 120 at a first attachment point and pivot assembly 132 
at a second attachment point to provide a coupling there between. 

10 In subsequent stage, FIQ 1c the three coupled aspects of the folding action arc continued 

further, The rear frame portion 120 and front frame portion 130 hingedly arc moved further 
towards each other. The mounting arm 140 is further rotated clockwise such that the 
handlebars 146 are moved further out and away from the folding parts. The mounting arm 1 40 
is also further rotated upwards in response to the action of coupling rod 150 acting on the 

1 5 hinged pivot assembly 132 such that the front wheel 144 is pushed out and around. 

Tn FIC1 Id, both the rear frame portion 120 and front frame portion 130 and the rear and 
front wheels 1 23, 144 are respectively brought into mating relationships with each other. The 
handlebars 1 46 remain positioned well away from the folding path. 

In FTQ le, the front 144 and rear 123 wheels arc in registration with each other. The 

20 respective 'mono fork' mountings 122, 142 arc located exterior to the wheels 123, 144 and 
can then act as a barrier (or part-barrier) to user contact with the wheel hubs and transmission 
(not visible). 

Tn FTG. 1f, the fully folded' configuration, the scat 128 is retracted (e.g. manually or 
automatically) and the stem mounting 147 to the handlebars 146 may be seen to protrude 
25 thereby providing an effective handle 147 for wheeling the folded form about the wheels 1 23, 
144. 

It will he appreciated that in the first (FIGS, la to If) folding cycle described above, the 
spacing' and 'folding" actions are combined whereby the front wheel 144 when being brought 
into the folded position is generally parallel to the rear wheel 123, and is pushed out side ways 
30 to clear apedal 129a and crank and then automatically guided to lie alongside the rear wheel 
123. 
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in essence, in the context of the first folding cycle (FIGS, la to If), the coupling rod 150 
links the spacing" and Molding" actions such that the initial spacing of the front wheel 
mounting arm 140 and forward frame portion 130 is 'absorbed' into the rest of the actions. In 
aspects, axis of motion B (which can also he the steering axis) allows the front wheel 144 to 
5 remain parallel to the rear wheel 123, and during the folding action allows approx 1 80 degrees 
of rotation (of pivot assembly 132). The handlebars 146 clear the frame during the folding 
action and importantly the front wheel 144 is guided to move alongside the rear wheel 123 
thereby clearing the left-hand pedal 129a/crank assembly. 

FIG 2 shows a detailed view of coupled folding mechanism herein, which for example, 

10 could be employed in Che folding cycle of FIGS, la to 1 f. 

A stiff Stiff folding hinge 235 hingedly joins Ibldable rear 220 and front 230 frame 
portions. A pivot *4vot assembly 232 joins to the front frame portion by way of hinge 233, 
which enables the pivot assembly 232 to be hingedly moved relative to the forward frame 
portion 230 in a plane of movement defined by the hinge 233. This plane of movement 

15 generally corresponds to the (forward) plane defined by the forward frame portion 230. The 
pivot assembly 232 is also provided with a pivot mounting 23 1 for mounting arm 240, which 
enables axial rotation of the mounting arm 240 about axis AB as shown. The mounting arm 
240 has a_front wheel 244 and handlebars (not visible) attached, and this axial rotation thereby 
enables steering of the cycle. 

20 A coupling Coupling rod 250 joins to rear frame portion 220 at ajirst attachment point 

252 and apivot assembly 232 at second attachment point 25 1. It may thus, be appreciated that 
any movement of the forward frame portion 230, rear frame portion 220 and pivot assembly 
232 will be coupled. 

The representation of FIG 2 shows the coupled folding mechanism in a part-folded 
25 configuration in which the forward frame portion 230 has been moved towards the rear frame 
portion 220. As a result, of this movement, the coupling rod 250 has acted to push the pivot 
assembly 232 away from the forward frame portion 230, the pivot assembly 232 moving about 
hinge 233. The front wheel 244 on mounting arm 240 is thereby pushed out and away from 
the folding action. 

30 FIGS. 3a to 3d show various perspective views, genex-ally of the underside, of a second 

coupled folding mechanism, which for example, could be employed in the folding cycle of 
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FTGS. la to If. This second coupled lblding mechanism employs an internally sprung 
coupling rod as shown in 1 ; 1GS. 4a and 4b in sectional views and a locking mechanism as 
shown in FIGS. 5a to 5c in sectional views. 

FIGS. 3a to 3d show the second coupled folding mechanism in different stages of 
5 folding/unfolding. MG 3a shows the 'in use' configuration. FIG 3b shows the cycle in an 
early slage of folding up. FIG 3c shows the cycle in a later stage of un-foldmg. FIG 3d shows 
the cycle in a partially * folded* configuration. 

Referring now to FIGS. 3a to 3d, a_stiff folding hinge 335 hingediy joins foldable rear 
320 and front 330 frame portions. Apivotft iwi assembly 332 (wholly visible in FIG. 3d only) 

10 joins to the front frame portion by way of ahinge 333 (visible in FlG 3d only), which enables 
the pivot assembly 332 to be hingediy moved relative to the forward frame portion 330 in a 
plane of movement defined by the hinge 333. This plane of movement generally corresponds 
to the (forward) plane defined by the forward frame portion 330. The pivot assembly 332 is 
also provided with a pivot mounting 331 (visible in HQ 3d only) for mounting arm (not 

15 shown), which enables axial rotation of a mounting arm about axis AB as shown. When 
. present, the mounting arm will have front wheel and handlebars attached, and Ibis axial 
rotation thereby enables steering of the cycle. 

Acoppling Goupling rod 350 joins to rear frame portion 320 at first attachment point 352 
and pivot assembly 332 at second attachment point 351 , It may thus, be appreciated that any 

20 movement of the forward frame portion 330, rear frame portion 320 and pivot assembly 332 
will be coupled. In the "partially folded* configuration of FIG 3d as a result of this movement, 
the coupling rod 350 has acted to push the pivot assembly 332 away from the forward frame 
portion 330, the pivot assembly 332 moving about hinge 333. it may therefore be appreciated 
that (e.g. as in FIG 2) the front wheel on a mounting arm mounted at the pivot mounting 331 

25 would thereby pushed out and away (i.e. spaced) from the folding action. 

In another aspect (visible in FIG 3d only), a block 390 of resilient material is attached 
over a projection on the pivot assembly 332. The block 390 has a small angled 'wedging fit' 
into a matching recess 339 in the front of the forward frame portion 330. The combination of 
the small angled 'wedging action' and choice of suitable resilient material (e.g. a slightly 

30 compressible, slippery material such as nylon) gives a very tight joint, free of movement when 
the cycle is in riding mode. In variations, similar nylon covered wedges are used at the main 
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hinge 335 as part of, or instead of the circular pegs 336a, 336b and holes 337a, 337b shown. 
The action of the internally sprung coupling rod of the second coupled folding mechanism 
will now be described with reference to both MGS. 3a to 3d and FIGS. 4a and 4b. 

In the 'in use" configuration (of FTOS. 3a and 4a) the coupling rod 350 is arranged to sit 
5 "over-centre* past the axis defined by folding hinge 335 thereby providing additional force to 
hold the main hinge 335 closed. This force is designed to increase as the cycle is loaded up 
and going over rough surfaces to make the coupling, principally defined by the main hinge 
335 very safe and stable. 

To achieve the 'over centring' action the coupling rod 350 is provided with a hard sprung 

10 piston mechanism comprising an outer sleeve 360 shaped respectively lo receive an inner 
bayonet sleeve 362 and a_central piston 364 together with an internal spring 370. In use, the 
sprung piston mechanism enables travel of the inner bayonet sleeve 362 relative to the outer 
sleeve 360 wherein this travel is constrained by the action of the spring 370 and also, in 
extremis by stop ring 366 provided to the inner bayonet sleeve 362. Overall, the length of the 

15 coupling rod 350 may therefore be varied in a restricted way. The spring 370 is selected to be 
a high rate, high pretension force and low travel spring. As may be seen in FIG 4a, the spring 
370 comprises an array of multiple disc springs, some discs in series and some in parallel. 

In the 'in use' configuration of FIG 4a the coupling rod 350 is slightly extended (i.e. the 
inner bayonet sleeve 362 is slightly withdrawn from the outer sleeve 360) and the spring 370 

20 is compressed. This compression force at the spring 370 acts to maintain closing force on the 
hinge 335. 

In early stage of folding up shown in FIG 4b the coupling rod 350 is not extended (i.e. 
the inner bayonet sleeve 362 sits further within the outer sleeve 360) and the spring 370 has 
only any pre-tensioning' compression force acting on it. 
25 In variations herein, the spring 370 is mounted on a headed screw (or similar) with plane 

shaft to enable adjustment of any pre-tension at the spring and/or the maximum permissible 
spring compression. 

in another detail, the minimum length of the coupling rod 350 is arranged to be variable 
and set by adjustment of the position of the stop ring 366, which is for example threaded. In 
30 variations, two threaded stop rings 366 may be provided so that they can be locked together. 
Adjusting the minimum coupling rod 350 length can also be arranged to adjust the relative 
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alignment of the front and rear axles, when the cycle is folded. 

The action of the locking .mechanism of the second coupled folding mechanism will now 
be described with reference to both FIGS, 3a to 3d and FIGS. 5a to 5c. 

It will be appreciated that the principal function of the locking mechanism is to keep the 
5 main hinge 335 firmly closed when the cycle is in the in use' configuration (HG 3a; FIG. 5a). 
in this configuration, the locking mechanism assembly in tension and in an over centre 
position, which keeps it closed and slightly recessed into the frame. 

In more detail, the locking mechanism comprises lever 380 pivotally mounted to rear 
frame portion 320 at first pivot point 381 and also pivotally connecting to a_sleeved rod 382 at 
10 a_second pivot point 383. The sleeved rod 383 receives a piston 385 having ^retaining head 
386 at the received end and a_pivoting mounting 387 at the other end for pivotal mounting 
thereof to the forward frame portion 330. In one variation, the piston 385 may comprise a 
headed screw with plane shaft for adjustability. 

It will be appreciated that in general terms, the locking mechanism is actuable by 
15 movement of the lever 380 from the locked position (FIG. 5a) in which it sits essentially 
co-axial with the sleeved rod 382 to an unlocked position (e.g. FIC1 5c) where the lever 380 
sits at an angle relative to the sleeved rod 382, In one variation, the lock/unlock motion can be 
spring loaded by an extension spring which acts such as to 'snap* the lever 380 out from the 
locked to an operating position, and which makes operating it to overcome the 'over centre" 
20 action of the coupling 350 more easy. 

In more detail, in the locked position of F1Q 5a the lever 380, the sleeved rod 382 and 
piston 385 rest co-axial relative to each other. The piston 385 is withdrawn from the sleeved 
rod 382 such that its head 386 abuts a retaining lip 388 thereof 

In an early stage of folding up as shown in FIGS. 3b and 5b, the lever 380 defines an 
25 angle of about 30.degree. relative to the sleeved rod 382 and piston 385. The piston 385 is 
generally received within the sleeved rod 382 such that its head 386 is well away from the 
retaining lip 388. In more detail, FIGS. 3b and 5b show the instant that the main hinge 335 is 
pushed open past the 'over centre' position. To achieve this aforce is applied to push lever 
380 towards frame 320 (i.e. as shown by the thick arrows) and the main hinge 335. This force 
30 is transmitted via the sleeved rod 382 (in compression) and pivoting mounting 387 to the front 
frame portion 330. 
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In a later stage of un-folding as shown in FIGS. 3c and 5c, the lever 380 defines an angle 
of about HO.dcgrcc. relative to the sleeved rod 382 and piston 385. The piston 385 is again 
withdrawn from the sleeved rod 382 such that its head 386 abuts a retaining lip 388 thereof. 
This withdrawul of the piston 385 occurs because as the hinge 335 opens up the forward frame 
5 portion 330 and pivot mounting 337 located thereon pulls away from the rear frame portion 
320 and lever 380 mounted thereto. In more detail, FIGS. 3c and 5c show the position of the 
various parts just before the main hinge 335 is forced "over centre* into the hinge 335 closed 
mode (i.e. *in-use* configuration). Force is applied to the lever 380 in the direction as shown 
by the thick arrows. The force is transmitted via the sleeved rod 382 and piston 385 (both in 

1 0 tension) and the p ivoting mounting 387 to the front frame portion 330, thereby acting to close 
the hinge 335 by forcing it 'over centre*. 

Overall, in an unlocking action, the lever 380 is rotated in a clockwise sense. The applied 
force is amplified by the leverage (about R:l) of the lever 380 on the other parts 382, 385 and 
387. This forces the main hinge 335 open, which pushes the coupling rod 350 to p ast the 

15 hinge 335 axis and "over centre*. The \>ver centre* action, once the coupling rod 350 axis 
passes the hinge 335 axis^ tends to open the hinge 335 further. This happens as the compressed 
spring 370 array in the coupling rod 350 expands and so further opening of the main hinge 
335 is assisted. The action is much like that of a light switch or other over centre devices. 

In a locking action, the forward 330 and rear 320 frame portions arc firstly fi rst brought 

20 into mating alignment (i.e. us shown in FTG 3a). The lever 380 is then rotated in an 
anti-clockwise sense. The applied force is amplified by the leverage (about 8:1) of the lever to 
bring lever 380, sleeved rod 382 and piston 385 into co-axial alignment relative to each other 
and to withdraw the piston 385 from the sleeved md 382 such that its head 386 abuts a 
retaining lip 388 thereof. The applied force also acts such as to push the coupling rod 350 into 

25 its 'in use* position in which the internal spring is compressed (sec description of FIG 4a). 

The second coupled folding mechanism employs an internally sprung coupling Tod. It 
will be appreciated that in alternatives thereto, other elements of the coupling rod, other parts 
of the mechanism or endstops, may be sprung or otherwise tensioned to provide the desired 
*over centring* action. In variations, spring elements may be used to place lever 380 into a 

30 useful position to be gripped by the user. 

In FIGS. 6a to 6c there is shown a folding cycle 410 herein in the form of a mountain 

-25- 



Vf-ZZ ZOOZ.U'HVW 



8ML2M Noiivana , :qisd , mmv$\m , BMBwmm > Ni pj«s wwd wv itm minim w oaoh , nik aovd 



bike. Various stages arc shown as the cycle is folded up from the "in use" configuration (FTCi 
6a) to the wheelable' configuration (FIG 6b) to the fully compact 'folded* configuration (FIG. 
6c). For ease of reference and understanding, not all parts are labelled in every drawing, but 
only the moat important parts in relation to the action at that stage of the folding up process. 
5 As may be seen in FIG. 6a, the folding cycle 41 0 comprises a rear frame portion 420 and 

a front frame portion 430 that are hingedly joined by &jst\ff folding hinge 435 in order that the 
two frame portions 420, 430 may be folded towards each other. The rear frame portion 420 is 
also provided with a rear wheel mounting 422 in conventional dual fork form to which a_rear 
spoked wheel 423 is fixed at ahub 424. Also provided to the rear frame portion 420 is a_seat 

10 stem mounting 426 that receives an adjustable seat stem 427 and ascal 428. Further provided 
to the rear frame portion are pedals 429a (only one visible) that drive a crank 425, which in 
turn is provided with a transmission for driving rear wheel 423. The front frame portion 430 is 
provided with pivot assembly 432 io which it hingedly connects via hinge 433 that allows for 
hinged motion thereof about a horizontal axis. Coupling rod 450 is fixed to both rear frame 

15 portion 420 and pivot assembly 432 to provide a coupling therebetween. An mounting 
Mounting arm 440 pivotally connects to apivol assembly 432. The mounting arm is provided 
with a_handlebars 446 on a^stein mounting 447 and a_eonventional dual-fork form wheel 
mounting 442 for a_ front wheel 444 that connects thereto at a hub 443. The pivot assembly 
432 enables rotational movement of the mounting arm 440 and a front wheel 444, ajstem 

20 mounting 447 and ahandlebars 446 that are associated therewith. 

In FTG 6b ? the Molded' but wheelable configuration, the scat 428 is retracted (e.g. 
manually or automatically) and the stem mounting 447 to the handlebars 446 may be seen to 
protrude thereby providing an effective handle for wheeling the folded form about the wheels 
423, 444. 

25 In FIG. 6c, the compact 'folded* configuration, the stem mounting 447 to the handlebars 

446 may be seen to fold into the assembly about an oblique hinge 448 such that the handlebars 
446 nest in compact fashion. Such hinged handlebar 446 assemblies are known in the art of 
folding cycles. Tn other embodiments, foldablc handlebars (e.g. where only parts of the 
handlebars fold) are employed to achieve minimum compacted volume without moving the 

30 handlebar mounting stem 447. 
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Abstract 

There is provided a frame assembly for a foldable cycl e. The assembly has compri s in g 
a rear frame portion including a mounting for a rear wheel; a forward frame portion, hingedly 
connecting to the rear frame portion such that the two are foldable towards each other; and 
hingedly connecting to the forward frame portion, a pivot assembly for a mounting arm 
including a mounting for a forward wheel. On folding of the cycle, hinged movement of the 
pivot assembly relative to the forward frame portion moves the mounting arm to move the 
forward wheel mounting relative to the forward frame portion. The rear frame portion and 
pivot assembly are coupled such that folding of the frame portions towards each other results 
in the distance between the forward frame portion and forward wheel mounting extending 
relative to each other. 
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